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FOREWORD 


Evidence  has  been  mounting  that  something  is  missing  from 
secondary  science  teaching.  More  and  more,  students  are 
rejecting  science  courses  and  turning  to  subjects  that  they  con- 
sioerto  be  more  practical  or  significant.  Numerous  high  school 
science  teachers  have  concluded  that  what  they  are  now  teach¬ 
ing  is  appropriate  for  only  a  limited  number  of  their  students. 

As  their  concern  has  mounted,  many  science  teachers  have 
tried  to  find  instructional  materials  that  encompass  more  appro¬ 
priate  content  and  that  allow  them  to  work  individually  with 
students  who  have  different  needs  and  talents.  For  the  most  part, 
this  search  has  been  frustrating  because  presently  such  materi¬ 
als  are  difficult,  if  not  impossible,  to  find. 

The  Individualized  Science  Instructional  System  (ISIS)  project 
was  organized  to  produce  an  alternative  for  those  teachers  who 
are  dissatisified  with  current  secondary  science  textbooks.  Con¬ 
sequently,  the  content  of  the  ISIS  materials  is  unconventional  as 
is  the  individualized  teaching  method  that  is  built  into  them.  In 
contrast  with  many  current  science  texts  which  aim  to  “cover 
science,”  ISIS  has  tried  to  be  selective  and  to  limit  our  coverage 
to  the  topics  that  we  judge  will  be  most  useful  to  today’s  stu¬ 
dents. 

Obviously  the  needs  and  problems  of  individual  schools  and 
students  vary  widely.  To  accommodate  the  differences,  ISIS 
decided  against  producing  tightly  structured,  pre-sequenced 
textbooks.  Instead,  we  are  generating  short,  self-contained  mod¬ 
ules  that  cover  a  wide  range  of  topics.  The  modules  can  be 
clustered  into  many  types  of  courses,  and  we  hope  that  teachers 
and  administrators  will  utilize  this  flexibility  to  tailor-make  curric¬ 
ula  that  are  responsive  to  local  needs  and  conditions. 

ISIS  is  a  cooperative  effort  involving  many  individuals  and 
agencies.  More  than  75  scientists  and  educators  have  helped  to 
generate  the  materials,  and  hundreds  of  teachers  and  thousands 
of  students  have  been  involved  in  the  project’s  nationwide  test¬ 
ing  program.  All  of  the  ISIS  endeavors  have  been  supported  by 
generous  grants  from  the  National  Science  Foundation.  We  hope 
that  ISIS  users  will  conclude  that  these  large  investments  of  time, 
money,  and  effort  have  been  worthwhile. 


Ernest  Burkman 
ISIS  Project 
Tallahassee,  Florida 
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All  About  ? 

What  kind  of  music  do  you  like?  Pop  music?  Rock? 
Soul?  Folk  music?  How  about  country  music?  Or 
sacred  songs?  Or  classical? 

No  matter  what  your  taste  — music  can  reach  you.  A 
song  can  make  you  cry.  It  can  make  you  happy.  It  can  stir 
you  to  march.  Or  dance.  A  song  can  make  you  feel 
peaceful.  Or  restless.  Or  tender.  Or  sleepy.  For  music 
is  a  way  we  communicate  through  sound. 

This  minicourse  is  all  about  musical  sounds.  You’ll  find 
out  how  sounds  are  made.  How  we  hear  sounds.  How 
music  is  different  from  noise.  Why  the  same  note  played 
on  one  instrument  sounds  so  different  on  another.  What  to 
look  for  when  you  buy  sound  equipment.  And  most  impor¬ 
tant— you’ll  see  how  sounds  can  be  put  together  in  a  way 
that  really  moves  you. 


core 

Activity  1  Planning 


If  you  need  to  do  Activities  2  and  3, 
do  them  first. 

If  you  plan  to  do  Activity  8  or  9, 
make  sure  you  can  do  what  is 
stated  in  the  objectives  in  Activity 
7.  Do  the  rest  of  the  activities  in 
any  order. 


W 


Activity  £  Pa9e  6 

DO  THIS  FIRST 

Objective  1:  Explain  how  sound  is 

produced  and  how  it  travels. 

Sample  Question:  Tell  whether  each 

of  these  statements  Is  True  or  False. 

a.  Sound  Is  produced  by  a  vibrating 
object. 

b.  Sound  travels  as  compression 
bands  in  the  air. 

c.  Sound  can  travel  everywhere, 
even  through  a  vacuum. 

d.  Sound  causes  air  molecules  to  '  (A\\; 
move. 
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DO  THIS  AFTER  ACTIVITY  2 
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Objective  2:  Distinguish  between 
observations  about  sound  and 
explanations  about  sound. 

Sample  Question:  Which  of  the  foi-'k 
lowing  is  an  observation  that  can  betfS 
made  about  sound? 

a.  Sound  travels  as  a  wave  of  com- 
Dression  bands. 

b.  The  loudness  of  a  sound  de¬ 
creases  as  you  get  farther  from  the 
source  of  the  sound. 

c.  The  pitch  of  a  sound  depends  on 
the  frequency  of  the  vibrating 
object. 


Objective  3:  Explain  how  sounds 
can  be  high  or  low,  loud  or  soft. 

Sample  Question:  The  loudness  of  a 
sound  depends  upon 

a.  how  fast  the  vibration  is. 

b.  how  strong  each  compression  is. 

c.  how  high  or  low  the  freguency  is. 

Objective  4:  Explain  why  a  sound 
is  softer  the  farther  away  you  are 
from  the  producer  of  the  sound. 

v  Sample  Question:  Why  does  a  note 
sound  loud  when  you  are  close  to  the 
instrument  and  softer  when  you  are 
farther  away? 

a.  The  freguency  of  the  note  de¬ 
creases  as  the  distance  from  the 
instrument  increases. 

b.  The  number  of  compressions  per 
second  is  reduced  as  the  distance 
increases. 

c.  The  energy  of  the  sound  reaching 
your  ear  is  less  the  farther  away 
you  are  from  the  instrument. 
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/in'  of  a  noise 

III  a.  have  a  series  of  evenly  spaced  j 
compressions.  i 

b.  have  no  regular  pattern  of  com-  n 
pressions. 

v\A  c.  come  from  objects  that  vibrate 
\\  slowly. 

d.  have  many  compressions  per  sec¬ 
ond. 
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'In  'M 

Objective  6:  Tell  how  a  singer  pro¬ 
duces  different  notes. 

Sample  Question:  Match  the  voice 
sounds  with  how  they  might  be  pro¬ 
duced  by  a  singer. 

Voice  Sound 

a.  High  pitch 

b.  Low  pitch 
How  Produced 

1 .  opening  the  sinus  cavities 

2.  relaxing  the  vocal  chords  while 
singing 

3.  tightening  the  vocal  chords  while 
singing 

4.  singing  “through  the  nose" 


Answers 

1.  T,  T,  F,  T  2.  b  3.  b  4.  c  5.  b  6.  a-3,  b-2 
7.  a,  b,  and  c  8.  a-4,  b-3,  c-2 


Activity  £  Page  23 

7  Objective  7:  Compare  your  ability 
if  to  hear  sounds  with  that  of  other 
I  people. 

|  Sample  Question:  With  normal  hearing, 
\  a.  you  can  hear  from  about  20  ops  to 
[  20,000  ops. 

b.  your  hearing  range  will  decrease 
with  age. 

c.  your  hearing  range  may  differ 
slightly  from  other  people. 


Objective  8:  Explain  how  sounds 
are  heard  by  humans. 

Sample  Question:  Match  the  part  of 
the  ear  with  its  description. 

Ear  Part 

a.  outer  ear 

b.  eardrum 

c.  cochlea 
Description 

1 .  increases  amount  of  vibration 

2.  filled  with  liguids  and  nerves 

3.  membrane  that  vibrates 

4.  helps  funnel  sounds  into  ear  canal 


Objective  9:  Describe  how  the  air\\\\ 
column  of  wind  instruments  must 
change  in  order  to  produce  differ-  fj 
ent  pitched  sounds. 

Sample  Question:  How  would  you 
change  the  air  column  length  of  a 
trombone  In  order  to  change  from  a'i 
low  note  to  a  high  note? 
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///  DO  ACTIVITY  7  FIRST! 

/  Objective  10:  Describe  how  the  air 
i  column  of  reed  instruments  must 
change  in  order  to  produce  differ¬ 
ent  pitched  sounds. 

Sample  Question:  How  does  opening 
more  holes  on  a  clarinet  produce 
higher  notes? 

a.  The  vibrating  air  column  is  short¬ 
ened. 

b.  The  vibrating  air  column  is  length¬ 
ened. 

c.  The  length  of  the  vibrating  air  col¬ 
umn  is  unchanged. 

The  number  of  vibrations  per  sec¬ 
ond  is  reduced. 


d. 


v 
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f/  w 

JJf*  DO  ACTIVITY  7  FIRST! 

Objective  11:  Describe  how 
stringed  instruments  produce 
sounds  of  different  pitch. 

Sample  Question:  On  a  stringed 
instrument  the  string  that  produces 
the  highest  note  is  different  from  the 
string  that  produces  the  lowest  note. 
High  strings  are 

a.  shorter,  thicker,  or  tighter. 

b.  longer,  thinner,  or  looser. 

c.  longer,  thicker,  or  looser. 

d.  shorter,  thinner,  or  tighter. 
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Objective  12:  Tell  why  the  same 
note  sounds  differently  when 
played  on  different  instruments. 

Sample  Question:  A  guitar  note 
sounds  different  from  the  same  note 
on  a  piano  because 

a.  the  piano  is  louder  than  the  guitar. 

b.  the  two  notes  have  different  over¬ 
tones. 

c.  the  piano  can  play  more  notes  at 
the  same  time. 

d.  the  guitar  and  piano  are  tuned  dif-. 
ferently. 


J, 


\ 
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Objective  13:  Tell  how  to  select 
good  quality  sound  equipment. 

Sample  Question:  The  best  advice  in 
selecting  sound  eguipment  is  the  fol¬ 
lowing: 

a.  You  should  be  satisfied  with  the 
sound. 

b.  You  should  follow  the  advice  of 
those  consumer  magazines  which 
rate  sound  eguipment. 

c.  You  should  get  the  most  expensive 
eguipment  you  can  afford. 

d.  You  should  buy  a  good  set  of 
speakers. 


Answers 

9.  Shorten  the  air  column  length.  10.  a 
11.  d  12.  b  13.  a,  b 


h 
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Good  Vibrations 


Everyone  makes  sounds.  Some  are  musical.  Some  are  not.  Yet  all 
sounds  have  the  same  beginning.  To  find  out  what  sound  is,  you 
will  need  these  items: 


tuning  fork 
rubber  striker 
beaker  or  jar 


IMPORTANT:  Never  hit  the  tuning  fork  against 
objects.  Always  use  the  rubber  striker. 


A.  Strike  the  tuning  fork  with  the  rubber  striker. 


2-1.  Do  you  hear  a  sound?  If  so,  where  does  it  seem  to 
come  from?  Do  Step  B  to  check  if  the  sound  comes  from  the 
tuning  fork. 
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B.  Hit  the  prongs  of  the  tuning  fork  with  the  striker.  Then  put  the 
handle  against  your  jawbone.  Close  the  ear  on  the  opposite 
side  of  your  head. 


2-2.  What  do  you  hear?  What  do  you  feel  against  your 
jawbone? 

You  have  observed  that  the  tuning  fork  produces  a  sound 
when  you  strike  the  prongs.  You  can  make  that  sound  louder. 

C.  Place  the  open  end  of  the  beaker  or  jar  tightly  over  one  ear. 
Hit  a  prong  of  the  tuning  fork  with  the  striker.  Immediately 
touch  the  handle  to  the  bottom  of  the  beaker. 
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2-3.  What  other  ways  can  you  find  to  make  the  sound 
louder? 

D.  Hit  the  tuning  fork  with  the  striker  again.  Look  at  the  prongs. 


2-4.  How  do  the  prongs  look? 

When  you  strike  the  tuning  fork,  the  prongs  move  back  and  forth 
very  fast.  These  movements  are  called  vibrations.  The  vibra¬ 
tions  are  hard  to  see  because  the  prongs  are  moving  so  rapidly 
for  such  a  short  distance.  Probably  all  you  can  see  are  the  ends 
of  the  prongs  looking  fuzzy.  To  check  that  the  prongs  do 
vibrate,  do  Step  E. 

E.  Fill  the  beaker  or  jar  about  3/4  full  with  water.  Strike  the  tun¬ 
ing  fork  as  before.  Then  touch  just  the  tips  of  the  prongs  to 
the  water’s  surface. 


IMPORTANT: 

fork! 


Do  not  touch  the  glass  walls  with  the 


I ^  2-5.  What  happens  to  the  water? 

2-6.  How  does  this  show  that  the  prongs  are  moving? 
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F.  Strike  the  tuning  fork  one  more  time.  Very  lightly,  touch  the 
tip  of  one  prong  to  the  tip  of  your  earlobe. 


2-7.  Describe  the  feeling  when  you  touched  the  fork  to  your 
earlobe. 

So  far  you’ve  been  making  some  observations  about  sound. 
Observations  are  what  you  know  from  your  senses  — seeing, 
hearing,  touching,  smelling,  tasting.  The  observations  you’ve 
made  are  interesting.  But  people  are  always  asking  “Why?” 
Why  does  a  note  sound  loud  or  soft?  Why  do  you  hear  a  sound 
over  here  if  it  was  made  over  there? 

Scientists  try  to  figure  out  explanations  to  these  kinds  of  ques¬ 
tions.  And  people  seem  to  like  the  simplest  explanations  the 
best.  So,  the  explanation  for  sound  uses  the  same  idea  of  mole¬ 
cules  that  is  used  to  explain  many  other  observations  about  our 
world. 

1^  2-8.  What  observations  have  you  made  about  sound  so  far? 

2-9.  Does  it  seem  reasonable  that  the  vibrations  you  felt 
may  have  caused  the  sound  you  heard?  Explain  your  answer. 

Sound  begins  when  something  vibrates.  That  “something” 
can  be  a  tuning  fork,  a  violin,  a  drum,  a  glass,  or  any  object.  The 
vibrations  move  through  the  air  until  they  reach  your  ears,  where 
you  hear  them  as  sound. 

Suppose  you  could  see  the  sound  moving  from  the  tuning  fork 
to  your  ear.  What  would  the  sound  look  like?  First  of  all,  sound 
must  have  something  to  travel  through.  It  can’t  travel  through  a 
vacuum.  But  it  can  travel  through  air,  water,  or  metal.  In  fact,  it 
can  travel  through  any  solid,  liquid,  or  gas. 

When  you  strike  the  tuning  fork,  the  prongs  move  back  and 
forth.  Figure  2-1  shows  what  happens  during  one  vibration  of 
the  fork.  As  the  prong  moves  outward,  it  pushes  against  air 
molecules  nearby.  When  the  prong  moves  inward,  the  air  mole¬ 
cules  spread  out. 


Figure  2-1 
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But  how  does  the  sound  get  over  to  your  ear  if  only  the  air  next  to 
the  prong  squeezes  together  and  spreads  apart? 

What  happens  is  that  the  prongs  set  up  a  “disturbance”  in  the 
air.  Remember  what  happened  when  you  dipped  the  tuning  fork 
into  the  water?  The  vibrations  set  up  little  waves  that  you  could 
see.  Something  like  that  happens  in  the  air.  The  molecules 
that  are  pushed  push  against  other  molecules.  They  in  turn 
push  against  still  others.  In  this  way,  each  molecule  doesn’t 
travel  very  far.  But  the  disturbance  does.  This  disturbance  is 
similar  to  what  happens  when  you  throw  a  pebble  into  a  pond. 

When  the  air  molecules  are  squeezed  together,  the  air  is  said 
to  be  compressed.  When  the  molecules  spread  apart,  the  air  is 
rarefied,  or  thinned  out.  When  a  tuning  fork  — or  anything  else  — 
vibrates,  equally  spaced  bands  of  compressions  and  rarefac¬ 
tions  move  through  the  air  all  around  the  fork.  These  are  called 
sound  waves.  There  may  be  a  single  compression  or  a  set  of 
compressions,  one  following  another. 

2-10.  Does  the  tuning  fork  set  up  a  single  sound  wave  or  a 
series  of  sound  waves? 


Figure  2-2  shows  how  a  sound  wave  travels  from  the  tuning  fork 
to  a  person’s  ear. 

★  2-11.  How  is  sound  produced? 

★  2-12.  How  does  sound  travel  through  air? 
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Sounds  and  Cycles 


Sounds  come  at  us  from  all  directions.  We  hear  low  sounds  and 
high  sounds.  Loud  sounds  and  soft  sounds.  Pleasant  sounds 
and  harsh  sounds.  What  makes  each  sound  so  different?  To 
find  out,  you’ll  need  these  items: 

bicycle  (If  not  available,  use  a  comb  to  do  this  activity.) 
stiff  card 
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Turn  the  bicycle  upside  down.  Hold  the  card  against  the 
spokes  of  the  back  wheel.  First  turn  the  wheel  slowly.  Listen  to 
the  sound  as  the  spokes  hit  the  card.  Then  turn  the  wheel 
faster.  Observe  what  happens  now. 

3-1.  As  you  turn  the  wheel  faster,  does  the  card  vibrate 
faster  or  slower?  Does  the  sound  you  hear  become  higher 
pitched  or  lower  pitched? 

Each  time  the  spoke  hits  the  card,  the  card  moves  back  and 
forth,  or  vibrates.  As  the  card  vibrates,  it  makes  the  air  around  it 
compress  and  expand.  Figure  3-1  shows  what  happens  when 
the  card  vibrates  for  one  second.  The  faster  the  card  vibrates, 
the  more  compressions  it  forms  each  second.  The  more  com¬ 
pressions,  the  higher  the  sound  you  hear. 


Low 

Sound 

Heard 


High  or  Low? 


■1  second 


Wheel 

turns 

slowly 


Figure  3-1 
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There  is  a  way  to  describe  just  how  high  or  low  pitched  a  sound 


If  the  tuning  fork  shown  above  makes  50  vibrations  each  second, 
it  produces  a  sound  wave  with  50  compressions  per  second.  You 
can  state  this  another  way  too:  The  frequency  of  the  sound  wave 
is  50  cycles  per  second. 

U*  3-2.  What  word  describes  the  number  of  vibrations  per  sec¬ 
ond  of  a  certain  sound? 
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A  tuning  fork  makes  a  sound  of  one  frequency  only.  The  fre¬ 
quency  number  is  stamped  on  it.  Examine  two  tuning  forks  that 
make  different  sounds.  Locate  the  frequency  for  each  tuning 
fork. 


★  3-3.  How  are  the  frequencies  of  high  and  low-pitched 
tuning  forks  different? 


You  know  that  two  sounds  can  be  different  because  of  their  fre¬ 
quencies.  The  higher  the  frequency,  the  higher  pitched  the 
sound.  Suppose  you  have  two  sounds  with  the  same  fre¬ 
quency.  Can  those  sounds  still  be  different? 


Try  this  way  of  producing  a  louder  sound.  You  will  need  the  fol¬ 
lowing  items: 


tuning  fork 
rubber  striker 

A.  Tap  the  tuning  fork  gently  with  the  rubber  striker.  Listen  to  the 
sound. 


B.  Now  strike  the  tuning  fork  harder  than  in  Step  A. 


3-4.  Which  sound  was  louder  — the  one  you  made  in  Step  A 
or  Step  B? 


By  striking  the  tuning  fork  harder,  you  made  its  vibrations  larger 
but  not  faster.  The  prongs  now  move  farther  apart  than  when  the 
tuning  fork  is  hit  lightly.  This  produces  stronger  compressions 
and  a  louder  sound.  Stronger  compressions  have  more  energy. 

The  loudness  of  a  sound  depends  on  how  much  energy  the 
sound  wave  has  when  it  gets  to  your  ear. 
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Here’s  another  way  to  produce  a  louder  sound.  You  will  still 
need  the  tuning  fork  and  rubber  striker. 


C.  Strike  the  tuning  fork  with  the  rubber  striker.  Then  hold  the 
fork  near  your  ear.  Count  how  long  you  can  hear  the  sound. 
(Count  seconds  by  saying,  “One  thousand,  two  thousand, 
three  thousand,”  slowly.) 


3-5.  How  long  did  you  hear  the  sound? 

D.  Strike  the  fork  with  the  striker  again.  This  time  hold  the 
handle  tightly  to  the  top  of  a  desk.  Put  your  ear  near  the 
desk.  Count  how  long  you  can  hear  the  sound. 

3-6.  How  long  did  you  hear  the  sound? 

3-7.  Which  sound  was  louder— the  one  in  Step  C  or  Step  D? 

^  3-8.  Which  sound  lasted  longer? 

When  you  put  the  tuning  fork  on  the  desk  you  were  showing  an 
example  of  “forced  vibration.”  The  vibrations  of  the  tuning  fork 
started  the  desk  top  vibrating  too  — at  the  same  frequency  as  the 
tuning  fork.  So  the  area  that  was  vibrating  increased. 

Since  the  area  of  vibration  became  larger,  energy  was  trans¬ 
ferred  more  quickly  from  the  vibrating  objects  to  the  air.  This 
caused  stronger  compressions  — and  therefore  a  louder  sound. 
But  the  sound  died  more  quickly  because  the  energy  from  the 
vibrating  fork  was  used  up  more  quickly. 


CORE  15 


3-9.  A  guitar  works  on  the  basis  of  forced  vibrations.  Can  you 
explain  this?  \ 


You  know  that  the  farther  you  get  away  from  something  that’s 
making  a  sound  the  less  loud  the  sound  is.  That  goes  for  bells, 
car  motors,  singers,  sirens,  and  all  other  sound  makers.  Why  is 
this  so? 

A  sound  wave  is  something  like  a  ripple  on  a  pond  after  a  rock 
is  tossed  in.  The  wave  moves  out  in  a  circle  that  gets  bigger 
and  bigger.  But  as  the  circle  gets  bigger,  the  wave  also  gets 
flatter  and  less  noticeable.  The  energy  sent  out  in  the  wave  is 
still  there.  But  it  is  spread  more  thinly  as  the  circle  increases.  If 
you  are  close  to  the  source,  more  energy  hits  your  ear.  If  you  are 
far  from  the  source,  much  less  energy  hits  your  ear. 


★  3-10.  Why  does  the  loudness  of  a  sound  decrease  with 
distance? 


Notes  or  Noise  ? 

When  you  strike  a  piano  key,  you  hear  a  musical  note.  But  when 
you  clap  your  hands,  you  just  hear  a  noise.  What’s  the  differ¬ 
ence  in  the  sounds?  Or  is  there  a  difference? 

Figure  4-1  shows  pictures  of  the  pattern  made  by  the  sound  of 
a  tuning  fork,  a  person  singing  one  note,  and  a  hand  clap. 


You  can  “see”  what  sound  waves  are  like  on  an  oscilloscope. 
The  sound  is  fed  in  by  the  microphone. 

The  picture  is  seen  on  the  screen. 


16  CORE 


Sound  waves  produced  on  a  screen 


tuning  fork 


one  note  sung  by  a  person 


hand  clap 


★  4-1.  How  are  the  patterns  made  by  the  tuning  fork  and  Figure  4-1 

the  human  voice  alike? 


★  4-2.  How  is  the  hand-clap  pattern  different  from  the 
other  two  patterns? 


You’ve  “seen”  the  difference  between  musical  and  not-so-musi- 


cal  sounds.  Sound  waves  of  musical  notes  have  regular 
patterns  of  compressions.  This  goes  for  sound  waves  from  a 
tuning  fork,  a  piano,  or  the  human  voice.  Sound  waves  of 
noise— like  a  hand  clap  or  a  glass  breaking  — have  no  regular 


pattern  of  compressions. 


Is  all  noise  bad?  What  about  the  thunder  of  a  kettledrum?  Or 
the  crash  of  a  cymbal?  Or  the  boom  of  a  bongo  drum?  These 
instruments  are  part  of  a  large  group  called  percussions. 


maracas 


wood  olock 


cymbals 


castanets 


triangle 


Figure  4-2  shows  some  commonly  used  percussion  instruments. 
But  these  are  not  all.  In  fact,  almost  anything  goes.  Crashing 
glassware,  cannon  fire,  and  whips  cracking  have  been  used  as 
percussion  “instruments”  in  certain  musical  compositions. 
What’s  more  — have  you  ever  heard  a  really  good  spoon  player? 
Or  a  hand  slapper? 


In  Tchaikovsky’s 
1812  Overture 
a  cannon  was  used  as  a 
percussion  instrument. 
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You've  probably  observed  the  difference  between  the  sound  of  a 
drum  and  that  made  by  any  other  type  of  musical  instrument. 
For  instance,  a  bass  drum  and  a  tuba  both  make  very  low 
sounds.  The  tuba,  however,  plays  musical  notes.  The  drum 
makes  a  sound  that  combines  a  rumble  with  an  explosion.  It 
produces  too  great  a  mixture  of  sound  to  identify  one  note. 


In  the  percussion  family,  the  kettledrum  is  the  only  instrument 
that  can  slide  smoothly  from  note  to  note.  The  musician  presses 
on  the  foot  pedal  to  change  the  notes.  You  can  recognize  each 
note.  But  the  quality  is  still  that  of  a  drum. 


Why  would  anyone  want  to  add  non-musical  instruments  to  a 
band  or  an  orchestra?  Percussion  instruments  — especially 
drums  — are  used  to  keep  the  beat  in  music.  They  are  loud  and 
can  be  heard  above  other  instruments. 

Drums  are  really  important  in  marching  bands.  In  fact,  often 
only  the  drummers  are  playing  when  everyone  else  is  silent. 

But  percussion  instruments  are  not  the  only  instruments  used 
to  keep  the  beat  or  rhythm.  Folk  singers  and  rock  bands  often 
use  guitar  strumming  to  keep  the  beat. 

And  the  beat  goes  on.  .  .  . 


Pressing  on  the  pedal  tightens 
the  head  of  the  drum.  The  tighter 
the  head,  the  higherthe  sound 
produced. 
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Singing  Sounds 

Many  people  think  that  the  human  voice  is  the  best  musical 
instrument  of  all.  Like  many  instruments,  the  voice  can  produce 
a  wide  range  of  musical  sounds.  It  can  make  these  sounds  as 
soft  as  a  murmur  or  so  loud  they  can  be  heard  at  the  back  of  a 
large  auditorium.  But  what  makes  the  voice  so  special  are  the 
qualities  a  singer  can  give  to  a  sound.  A  singer  can  make  the 
same  sound  clear  and  sweet.  Or  harsh  and  raspy.  Or  soft  and 
soothing.  Or  sultry  and  sexy.  This  variety  gives  singing  an 
added  excitement. 

Most  people  sing  mainly  for  fun,  whether  alone  or  in  groups. 
But  some  make  their  careers  entertaining  the  rest  of  us  with  the 
sounds  of  their  voices! 
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In  this  activity  you  will  learn  about  the  human  voice.  You  will 
need  these  items: 

cassette  tape  for  Sounds  of  Music,  Activity  5 
casette  tape  player 

A.  As  you  listen  to  the  tape,  look  at  Figure  5-1.  The  tape  will 
help  you  answer  the  questions. 

Human  Larynx  Producing  Notes 


A.  Low  note 


B.  Medium  note 


Figure  5-1 

★  5-1 .  How  do  you  produce  different  sounds  (notes)  when 
you  talk  or  sing? 

★  5-2.  How  does  a  heavy  cold  affect  the  sound  of  your 
speaking  voice? 

5-3.  Look  at  Figure  5-1 .  In  which  photo  is  the  sound  with  the 
highest  pitch  being  made? 
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B.  Listen  to  more  of  the  tape  to  answer  the  following  questions. 


Figure  5-2 
o9s 


^  5-4.  What  was  the  highest  note  sung  by  the  soprano? 
According  to  Figure  5-2,  what  was  its  frequency? 

^  5-5.  What  was  the  lowest  note  sung  by  the  bass?  What  was 
its  frequency? 

^  5-6.  What  are  the  highest  and  lowest  notes  you  can  sing? 
^  5-7.  What  are  their  approximate  frequencies? 


m 

, 

1  < 

Pipe  organ  10-8000  ‘ 

Clarinet  75-1 700  h 


X 


Trumpet  1 90-4000  [ 
Piano  30-41001 - 


®  )» 


Violin  200-27001 - 

Lion  1 1 0-1076*— 


4 


Silent  dog  whistle 
*""*10.000-14,000 


Human  Voice  85-1 1001- 


— 0 

Dog  450-1080 


Robin 


Bat  10,000-120,000 
2000-13,000 


Porpoise  7000-120,0001- 


VI 


o 

o 

o 

o' 

C\J 

T 


Frequency  (cycles  per  second) 
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Soprano 
Alto 


Tenor 


Bass 


Piano 


frequency  (cycles  per  second)- 


87  131  175  247  392  494  698  1 175  4186 


✓  5-8.  Approximately  what  is  the  range  of  sound  frequencies 
that  can  be  sung  by  the  human  voice? 

5-9.  Is  your  range  most  like  that  of  a  soprano,  alto,  tenor,  or 
bass? 

The  highest  sound  the  human  voice  can  produce  is  about  1200 
cps.  The  lowest  sound  a  bird  can  make  is  about  2000  cps,  yet 
people  imitate  bird  calls.  They  do  this  by  whistling. 


Hearing  Sounds 

Every  sound  you  hear  is  made  by  a  vibrating  object.  This  goes 
fortuning  forks  to  squeaking  doors.  The  vibrations  of  the  object 
disturb  the  air,  causing  sound  waves.  When  the  sound  waves 
hit  your  ears,  the  inside  parts  of  the  ear  also  vibrate.  Your  brain 
interprets  these  vibrations  as  sound. 


/ 


Do  you  hear  all  sound  waves  that  are  sent  out?  Or  do  your  ears 
pick  up  only  certain  frequencies?  How  does  the  ear  work? 
These  questions  are  explored  in  this  activity.  You  will  need  the 
following  items: 

cassette  tape  for  Sounds  of  Music,  Activity  6 
cassette  tape  player 


U*  6-1.  Listen  to  the  tape.  What  is  the  highest  frequency  in 
cycles  per  second  you  can  hear  on  the  tape? 


6-2.  What  is  the  lowest  frequency  you  can  hear  on  the  tape? 

6-3.  What  are  some  possible  reasons  why  you  cannot  hear 
higher  or  lower  pitched  sounds  than  you  do? 

★  6-4.  Do  men  and  women  generally  differ  in  hearing 
ability?  If  so,  how? 
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★  6-5.  How  does  a  person’s  hearing  compare  with  that  of 
an  average  dog? 

How  are  sound  waves  coming  at  you  from  all  directions  inter¬ 
preted  by  your  brain  as  “sound”- musical  or  noise?  What  part 
do  the  ears  play? 

Ears  are  not  much  to  look  at  on  the  outside.  But  behind  the  flaps 
of  skin  and  cartilage  lies  a  delicate  structure.  It  is  wonderfully 
adapted  to  hear,  among  other  things,  the  sounds  of  music. 


The  three  major  parts  of  the  human  ear  are  the  outer,  middle,  and  inner  ear. 


The  inside  of  the  ear  has  to  be  very  sensitive.  Think  of  the  prob-  Figure  6-1 
lem.  Disturbances  in  the  air  caused  by  sound  waves  are 
incredibly  small.  If  these  changes  are  to  be  detected,  they  must 
produce  an  effect  on  nerves  inside  the  ear.  These  nerves  must 
then  send  the  message  to  the  brain.  How  does  this  happen9 
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First  of  all,  the  shape  of  the  outer  ear  helps  funnel  sound  into  the 
ear  canal,  as  you  can  see  in  Figure  6-1 .  Without  these  flaps  you 
could  not  hear  quite  as  well.  The  ear  canal  ends  at  the  eardrum, 
a  thin,  tough  membrane. 


eardrum 


ear  canal 

The  eardrum  moves  at  the  same  frequency  as  the  air  disturbances 
that  strike  it.  The  amount  it  moves  depends  on  how  strong  the  air 
disturbances  are.  But  even  a  loud  noise  causes  only  tiny  move¬ 
ments  of  the  eardrum. 


^  6-6.  What  structure  separates  the  ear  canal  from  the  rest  of 
the  ear? 


What  happens  to  the  sound  after  it  causes  the  eardrum  to 
vibrate?  First,  the  disturbance  passes  through  the  middle  ear. 
Figure  6-2  shows  what  happens  to  the  sound  wave  in  the  middle 
ear.  The  drawing  of  the  three  bones  is  greatly  enlarged.  In  your 
head,  the  bones  take  up  about  the  space  of  a  cube  of  sugar. 

The  middle  ear  not  only  passes  the  sound  along.  It  does 
something  else.  Because  the  compressions  of  the  sound  wave 
are  not  strong  enough,  the  middle  ear  makes  larger,  or  amplifies, 
the  strength  of  the  sound  wave. 


Figure  6-2 
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From  the  middle  ear  the  sound  goes  to  the  inner  ear.  Inside  the 
inner  ear,  the  vibrations  pass  along  a  spiral,  fluid-filled  tube 
called  the  cochlea  (COCK-lee-ah),  shown  in  Figure  6-3.  One 
part  is  filled  with  nerves.  Just  how  the  cochlea  works  is  not 
entirely  known.  But  it  is  known  that  different  parts  of  the  cochlea 
are  sensitive  to  sounds  of  different  frequencies. 


About 
as  big  as 
the  tip  of 
your 
finger 


Best  response  to 
high  frequency  sound 


Best  response  to 
medium  frequency  sound 


Best  response  to 
low  frequency  sound 


Figure  6-3 


Diagram  of  unrolled  cochlea 
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Inside  the  cochlea  is  the  most  complicated  of  all  the  pieces  of 
machinery  involved  in  hearing.  This  is  the  organ  of  Corti.  The 
organ  of  Corti  relays  to  the  brain  the  frequencies  and  intensities 
of  the  sound  waves. 


Organ  of  Corti 


6-7.  In  your  own  words  describe  what  happens  to  sound 
vibrations  once  they  reach  the  oval  window  of  the  inner  ear. 

Thus,  the  sound  of  music  which  enters  your  ear  is  “heard”  an 
instant  later  by  your  brain,  after  a  complicated  trip  through  air, 
bones,  fluids,  and  nerves. 

You  can  tell  the  difference  between  a  piano  and  a  violin  playing 
the  same  note.  Or  the  difference  between  a  telephone  ring  and 
that  of  an  alarm  clock.  Or  your  mother’s  voice  from  that  of 
almost  any  other  woman. 

The  really  fascinating  part  about  hearing  is  not  yet  understood. 
When  so  many  different  sounds  come  through  your  ears,  how 
does  your  brain  tell  which  is  which?  And  how  does  your  brain 
“listen”  to  some  sounds  and  “tune  out”  others.  Some  of  these 
questions  may  be  answered  during  your  lifetime,  but  they 
haven’t  been  answered  yet. 

6-8.  Describe  the  path  a  sound  compression  takes  from  the 
outside  of  your  ear  to  your  brain. 
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Columns  and 
Horns 


What  is  more  spectacular  than  the  sound  of  a  trumpet?  Or  the 
sliding  tones  of  a  trombone?  Or  the  call  of  a  bugle?  Yet  all  of 
these  instruments  have  simple  mouthpieces.  There  is  nothing 
inside  the  mouthpiece  to  vibrate. 


Louis  Armstrong 

What  object,  then,  vibrates  to  produce  these  musical  sounds? 
For  one  thing,  the  player’s  lips  vibrate.  But  the  buzzing  noise 
you  can  make  by  holding  your  lips  together  and  blowing  air 
doesn’t  sound  very  musical!  Combine  lip  vibrations  with  a 
brass  instrument,  however,  and  you  have  musical  sounds. 

Brass  Instruments 


Bugle 


Trumpet 


French  Horn 
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This  investigation  will  show  you  how  lip  vibrations  can  produce 
sound.  You  will  need  the  following  items: 

empty  soda  bottle 
water 

A.  Blow  across  the  mouth  of  the  empty  soda  bottle  softly.  With 
a  little  practice  you  should  be  able  to  make  two  or  three 
notes. 

B.  Fill  the  bottle  halfway  with  water.  Now  blow  across  the  bottle 
again. 


7-1.  Did  the  sound  change  when  you  filled  the  bottle  half¬ 
way  with  water?  If  so,  how? 

C.  Continue  filling  the  bottle  with  small  amounts  of  water. 
Blow  across  the  top  of  the  bottle  after  each  addition  of 
water. 


7-2.  What  happened  to  the  sound  each  time  you  added 
water? 

7-3.  How  can  you  produce  different  sounds  by  blowing 
across  the  top  of  the  bottle? 

When  you  blow  across  an  empty  bottle,  you  cause  the  air  inside 
the  bottle  to  vibrate.  The  vibration  of  the  air  produces  sound. 
But  the  air  inside  the  bottle,  or  air  column,  vibrates  at  only  a  cer¬ 
tain  frequency.  This  is  called  its  natural  frequency  of  vibration. 

7-4.  What  did  filling  the  bottle  halfway  with  water  do  to  the 
length  of  the  air  column? 
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Each  time  you  added  water  to  the  bottle,  you  changed  the  length 
of  the  air  column.  You  made  the  air  column  shorter.  Therefore 
you  changed  the  natural  frequency  of  vibration.  The  shorter  the 
air  column,  the  higher  the  note  that  you  can  produce.  The 
longer  the  column,  the  lower  the  note.  That  is  why  you  produced 
a  different  sound  after  each  addition  of  water. 

A  musician  can  play  several  notes  on  a  brass  instrument  with¬ 
out  changing  the  length  of  the  air  column  in  the  instrument.  The 
player  does  this  by  changing  the  position  and  tension  of  the 
lips.  Sometimes  the  tongue  is  used  to  change  the  flow  of  air  into 
the  instrument.  This  changes  the  frequency  of  the  vibrations. 

There  are  five  to  six  notes  that  can  be  played  at  any  one  length 
of  the  air  column.  Often  the  lowest  note  is  physically  impossible 
to  blow.  So  the  player  can  play  only  five  notes.  These  are  the 
so-called  “bugle  notes.” 

^  7-5.  The  length  of  the  vibrating  air  column  of  a  bugle  cannot 
be  changed.  Why  are  bugle  calls  written  for  only  five  notes? 


GCCQ 

033333 

GJG 
cot. 
w 

■vCQ3 

mm 


CORE  31 


Look  at  a  bugle  — both  regular  and  uncoiled  — in  Figure  7-1. 


The  air  column  which  vibrates  to  produce  sounds  goes  from  the 
mouthpiece  to  the  flared  bell  at  the  other  end.  The  length  of  the 
air  column  cannot  be  changed  by  a  bugler. 


Now  look  at  a  trumpet.  The  trumpet  has  three  valves.  Pressing 
down  each  valve  opens  a  coil,  which  lengthens  the  air  column. 

Figure  7-2  shows  the  relative  length  of  the  air  column  in  a 
trumpet  when  all  the  valves  are  closed.  Then,  when  one  valve  is 
open. 


16 - 

Air  column 


a 


Air  column 


* 


Figure  7-2 


7-6.  What  happens  to  the  length  of  the  vibrating  air  column 
when  one  valve  is  open? 

7-7.  Which  position  would  produce  a  lower  note  — one  valve 
open  or  two  valves  open? 
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A  trumpet  player  can  make  about  35  to  40  notes.  This  makes 
sense  when  you  realize  that  the  player  can  blow  about  5  notes,  or 
frequencies,  for  each  length  of  the  air  column. 

^  7~8-  How  many  possible  ways  can  you  change  the  length  of 
the  air  column  in  a  trumpet?  Here  are  two  ways.  Find  the  oth¬ 
ers. 

1.  Valves  1,  2,  and  3  closed. 

2.  Valve  1  open;  valves  2  and  3  closed. 

The  trombone  uses  a  different  system  to  change  the  length  of  the 
vibrating  air  column,  as  shown  in  Figure  7-3. 

★  7-9.  How  does  a  trombone  player  change  the  length  of 
the  air  column? 


^  7-10.  A  trombone  player  can  “slide”  gently  from  one  note 
on  the  scale  to  another.  Explain  how  this  could  be  possible. 


^  7-1 1 .  Which  appears  to  have  a  longer  air  column  — trumpet 
or  trombone? 


7-12.  Which  instrument  can  play  lower  notes  — trumpet  or 
trombone? 
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or  pipes  of  pan. 
Figure  8-1 


Vibrating  Reeds 


Benny  Goodman 


Some  wind  instruments  do  not  need  the  vibrations  of  the  player’s 
lips  to  create  a  sound.  These  are  the  woodwind  instruments. 
Originally,  all  woodwinds  were  made  of  wood  or  bamboo. 
Today,  some  woodwinds  are  made  of  metal  and  plastic  as  well 
as  wood. 

8-1 .  Where  does  the  wind  needed  to  play  woodwinds  come 
from? 

As  the  player  blows  into  the  instrument,  his  or  her  breath  causes 
the  air  column  in  the  instrument  to  vibrate. 

8-2.  According  to  Figure  8-1,  what  are  two  ways  in  which 
the  air  column  in  a  woodwind  can  be  changed? 

★  8-3.  How  does  changing  the  length  of  the  air  column 
affect  the  sound  produced?  (Review  Activity  7  if  you  have 
trouble  with  this  question.) 

Woodwind  makers  found  that  if  they  inserted  a  thin  piece  of 
wood  in  the  mouthpiece,  they  could  play  more  interesting 
tones.  The  piece  of  wood  is  called  a  reed.  Blowing  into  the 
mouthpiece  makes  the  reed  vibrate.  The  vibrating  reed  causes 
the  air  column  in  the  instrument  to  vibrate. 


34  CORE 


Woodwinds  with  reeds 


Clarinets,  oboes,  saxophones,  and  bassoons  use  reeds  in  the 
mouthpiece. 


You  can  make  a  simple  version  of  a  woodwind  instrument.  You 
will  need  these  items: 


2  plastic  drinking  straws 

ruler 

scissors 

A.  Bend  the  straw  about  1  cm  from  one  end. 


B.  Push  down  HARD  with  edge  of  ruler  to  flatten  the  end. 


C.  Cut  on  the  dotted  lines. 

D.  Finished  end  should  look  as  shown. 


E.  Now  play  the  “soda-straw  clarinet.”  Put  the  cut  end  between 
your  lips  so  that  the  bent  mouthpiece  is  in  your  mouth.  Blow 
gently  but  steadily.  If  you  have  trouble  getting  a  loud  sound, 
flatten  the  end  again  (Steps  A  and  B). 

You  still  may  have  trouble  getting  a  loud  sound,  but  even  a  very 
soft  sound  made  on  your  soda  straw  will  give  you  the  idea. 

8-4.  What  vibrates  to  make  the  sound? 

8-5.  Can  you  change  the  pitch  by  blowing  softer  or  harder? 
Try  it! 
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F.  Make  a  second  soda-straw  clarinet.  Compare  the  tones  pro¬ 
duced  by  the  two  straws. 


8-6.  Do  both  straws  produce  the  same  pitch? 


Figure  8-2 


8-7.  What  is  the  length,  in  centimetres,  of  the  air  column  of 
your  soda  straw  clarinet? 

8-8.  How  could  you  change  the  length  of  the  air  column? 

G.  Take  one  of  the  straws  and  blow  a  steady  note.  While  blow¬ 
ing,  cut  off  a  2  cm  length  with  your  scissors  until  the  straw  is 
about  5  cm  long. 

8-9.  What  happens  to  the  sound  produced  as  the  straw’s 
length  is  shortened?  What  happens  to  the  length  of  the  air  col¬ 
umn? 

The  sound  of  a  note,  then,  depends  on  (1 )  how  the  straw’s  end  is 
cut  and  flattened,  (2)  how  hard  you  blow,  and  (3)  the  straw’s 
length,  which  is  the  length  of  the  air  column.  All  three  variables 
are  important  with  woodwinds. 

The  flattened  end  of  the  straw  acts  like  a  reed.  In  woodwinds 
which  use  reeds,  the  reed  is  not  part  of  the  instrument  as  it  was  in 
your  straw.  (See  Figure  8-2.)  As  you  found  with  the  straw,  the 
player  needs  to  control  the  vibrations  of  the  reed  with  his  or  her 
lips.  Getting  a  good  sound  takes  practice.  In  the  lips  of  begin¬ 
ners,  reed  instruments  squeak  a  lot! 


You  can  produce  many  different  notes  on  a  woodwind  by  open¬ 
ing  and  closing  holes  in  the  side  of  the  air  column.  An  ordinary 
clarinet  has  24  holes  that  may  be  opened  or  closed  to  change 
the  length  of  the  column  of  air. 

Here  is  a  simple  example  of  how  you  can  change  the  length  of 
the  air  column  in  woodwinds.  Suppose  you  had  a  woodwind 
instrument  with  only  six  holes- perhaps  a  homemade  pipe. 
Figure  8-3  shows  the  length  of  the  air  column  when  (A)  all  six 
holes  are  closed  and  (B)  when  the  last  three  are  open. 


In  (A)  all  the  holes  are  closed,  so  the  vibrating  air  column  is  the  Figure  8-3 
whole  length  of  the  instrument.  In  (B)  the  last  three  holes  are 
open.  This  acts  as  though  the  tube  has  been  shortened.  The 
wind  leaves  from  the  open  holes.  The  length  of  the  vibrating  air 
column  is  now  about  one  half  the  total  length  of  the  instrument. 

The  most  common  woodwind  in  a  band  is  the  clarinet.  Bands 
also  include  saxophones  and  oboes. 

Two  woodwinds  used  in  orchestras  do  not  have  reeds  —  flute 
and  piccolo.  Both  are  made  of  silver  metal  and  consist  of  tubes 
closed  at  one  end.  They  are  played  similar  to  the  way  you 
“played”  the  water-filled  bottle  in  Activity  7.  The  recorder  is  an 
early  flute-type  instrument  that  has  become  popular  again. 


Music  of  Strings 

No  matter  what  kind  of  music  you  like  — pop,  country,  or  classi¬ 
cal-stringed  instruments  are  probably  part  of  it.  The  violin  is 
considered  the  backbone  of  the  orchestra.  And  from  Bob  Dylan 
on  — the  music  of  strings  is  basic  to  pop  music. 

You  may  think  of  an  electric  guitar  when  strings  are  men¬ 
tioned.  But  there  are  many  instruments  that  use  vibrating 
strings  to  produce  sounds  — violins,  banjos,  harps,  guitars,  cel¬ 
los,  and  double  basses  are  some. 
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In  this  activity  you’ll  see  how  vibrating  strings  can  produce  dif¬ 
ferent  notes.  To  do  it,  you’ll  need  a  stringed  instrument.  If  pos¬ 
sible,  get  a  banjo,  guitar,  ukulele,  or  similar  instrument  to  use. 


If  you  can’t  use  a  real  stringed  instrument,  make  one  for  yourself 
or  use  one  that  someone  else  has  made. 


As  a  last  resort,  you  can  do  this  activity  using  a  “musical 
instrument”  made  from  a  ruler,  a  pencil,  and  three  rubber  bands 
as  shown.  Try  to  get  two  rubber  bands  of  the  same  length,  one 
thick  and  one  thin.  The  rubber  bands  need  to  fit  fairly  tightly  on 
the  ruler.  The  third  rubber  band  is  used  to  hold  the  pencil  in 
place. 


Ruler 


Pencil 


Third  band  to  keep  pencil  in  place 


Here’s  the  question  you’ll  be  investigating:  How  does  a  stringed 
instrument  produce  different  notes? 

A  quick  look  at  a  real  stringed  instrument  shows  that  not  all  its 
strings  are  the  same.  They  have  different  thicknesses  and  some¬ 
times  different  lengths.  Some  strings  are  also  strung  tighter 
than  others. 

9-1 .  What  three  factors  might  change  the  sound  of  a  note  on 
a  string? 


Thin  rubber  band 


Thick  rubber  band 
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Effect  of  LENGTH  of  String 


A.  Select  one  string  on  your  musical  instrument.  Find  a  way  to 
change  its  length  without  changing  its  tightness..  Find  out 
what  effect  a  string’s  length  has  on  the  sound  of  a  note. 


String  A  and  B  are  actually  the  same  length  in  the  illustration. 
But  the  musician  is  holding  down  String  B  against  the  neck  of  the 
guitar.  So  the  effective  length  of  String  B  is  different.  The  effec¬ 
tive  length  is  the  part  that  vibrates  when  the  string  is  plucked. 

9-2.  Which  has  a  longer  effective  length  — String  A  or  B? 

9-3.  Which  one  of  the  following  conditions  of  the  strings  did 
you  change  during  this  test?  The  other  conditions  should  have 
stayed  the  same,  or  as  close  to  the  same  as  you  can  keep  them. 

1.  String  thickness 

2.  String  tightness 

3.  String  length 

l ^  9-4.  How  did  the  sound  of  the  note  change  when  you  short¬ 
ened  the  string  — without  changing  the  string’s  tightness  or  thick¬ 
ness? 

The  method  you  just  used  to  see  the  effect  of  string  length  on 
sounds  produced  is  a  good  way  to  do  investigations.  In  order  to 
see  what  effect  length  had,  you  kept  the  other  two  conditions  of 
the  string  (tightness  and  thickness)  from  changing.  That  way, 
you  were  sure  that  whatever  happened  was  because  of  a  change 
in  length.  You  should  know,  however,  that  although  you  tried  not 
to  change  the  tightness  or  the  thickness,  it’s  difficult  to  keep 
them  exactly  the  same. 
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Effect  TIGHTNESS  ° st  9 

B.  Select  one  string  on  the  musical  instrument  and  tighten  it 
without  changing  its  length  or  thickness. 

9-5.  What  condition  did  you  change  this  time  and  which 
ones  did  you  keep  the  same? 

9-6.  How  did  the  sound  of  the  note  change  as  string  tight¬ 
ness  increased? 

Effect  of  °'  S  r  9 


You  need  one  thick  and  one  thin  string  the  same  length.  You 
can  use  some  fishing  line. You  also  need  weights  of  equal  size. 

C.  Tie  equal-size  heavy  weights  to  one  end  of  each  string.  The 
weights  must  be  heavy  enough  to  pull  the  strings  tight. 


equal  length 
equal  tightness 
thick  and  thin 


D.  Hang  the  weighted  strings  over  the  edge  of  a  desk  or  chair  so 
that  the  strings  and  weights  are  not  touching  anything  except 
where  they  are  attached  at  the  top. 

E.  Pluck  each  string  gently. 

9-7.  What  condition  did  you  change  this  time  and  which 
one(s)  did  you  keep  the  same? 

V*  9-8.  How  did  the  sound  of  the  note  change  as  string  thick¬ 
ness  increased? 
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Experiment  with  different  strings  on  your  instrument.  Is  the  low¬ 
est  note  made  by  the  thickest  string  and  the  highest  note  by  the 
thinnest  string?  Probably  so,  but  you  can’t  be  sure  this  is  due  to 
thickness  rather  than  tightness.  Careful  experiments  do  show, 
however,  that  when  length  and  tightness  are  kept  the  same,  thick 
strings  produce  lower  notes  than  thin  strings. 

Most  stringed  instruments  produce  a  wide  variety  of  notes. 
Choose  an  instrument  such  as  a  guitar,  violin,  or  banjo,  that  you 
can  inspect  either  at  home  or  at  school.  Or  you  might  work  with 
a  friend  who  plays  the  instrument. 

9-9.  What  stringed  instrument  did  you  inspect? 

★  9-10.  What  three  factors  affect  the  notes  played  on  a 
stringed  instrument? 


To  Each 

Its  Own  Sound 

Electric  guitars  and  saxophones  look  and  sound  different.  The 
same  note  played  on  each  instrument  sounds  quite  different. 
Yet  both  sounds  are  the  same  frequency.  How  can  two  notes 
of  the  same  frequency  sound  so  different?  To  find  out,  you 
will  need  these  items: 

cassette  tape  for  Sound  of  Music ,  Activity  10 
cassette  tape  player 


The  tape  will  explain  the  pictures  in  Figures  10-1  to  10-6.  It  will 
also  help  you  answer  the  questions.  Listen  to  the  tape. 


Figure  10-1 
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Figure  10-2 


k - 1 ^ 00  second  - |< - 1/100  second  - N 


Figure  10-3  Figure  10-4 


- —  1/100  second  - >|  |< -  1/100  second  - 


Figure  10-5  Figure  10-6 


★  10-1.  Which  instrument  does  not  produce  overtones? 
How  can  you  tell? 

★  10-2.  What  causes  different  instruments  to  have  a  dif¬ 
ferent  “sound”? 

The  oscilloscope  used  to  make  the  drawings  in  Figures  10-1 
through  10-6  was  set  to  show  the  sound  made  in  1/100  second. 
Use  these  drawings  to  find  the  frequency  of  Middle  A. 

One  cycle  on  the  oscilloscope  picture  is  found  by  going  from  a 
certain  spot  on  the  repeating  pattern  to  where  it  begins  again. 

10-3.  How  many  cycles  do  you  count  in  the  tuning  fork  pat¬ 
tern?  In  each  of  the  other  patterns? 


Example  of  one  Cycle 


Oscilloscope  Picture 


Microphone 


To  find  the  frequency  of  Middle  A,  count  the  number  of  cycles  on 
the  oscilloscope  drawing.  Multiply  that  number  by  100.  This 
gives  the  number  of  cycles  per  second,  which  is  its  frequency. 
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Do  you  see  that  each  drawing  has  about  4  1/2  cycles?  This 
means  there’d  be  about  100  times  as  many  cycles  in  a  full  sec¬ 
ond,  since  the  picture  shows  only  1/100  second.  So  to  find  the 
number  of  cycles  in  one  second,  multiply  4  1/2  x  100.  That’s 
450  cycles  per  second.  Actually,  the  notes  are  all  Middle  A  — 
with  a  frequency  of  440  cycles  per  second.  But  that’s  not  far  off 
for  a  rough  calculation! 

^  10-4.  What  is  the  frequency  of  the  tone  producing  Figure 
10-7?  Figure  10-8?  Figure  10-9? 


- 1/100  second - 


Figure  10-7 


Figure  10-8 

K - 1/100  second - 


Figure  10-9 


The  height  of  the  cycle  in  the  oscilloscope  picture  is  related  to 
the  volume  of  the  sound.  The  louder  the  sound,  the  “taller”  the 
picture. 

10-5.  What  could  you  say  about  the  loudness  of  the  three 
sounds  pictured  in  Figures  10-7,  10-8,  and  10-9? 
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Are  you  interested  in  buying  equipment  to  play  records  or 
tapes?  If  not,  perhaps  you  will  be  in  the  future.  Here  are  some 
questions  you  have  to  answer  before  you  buy:  Do  you  know  what 
to  look  for  in  a  good  sound  system?  Do  you  want  stereo  or  qua¬ 
draphonic?  How  can  you  get  the  best  sound  for  the  money  you 
have  to  spend? 

First,  you  should  know  what  kind  of  sound  you  can  get  from  dif¬ 
ferent  types  of  systems.  To  find  out,  go  to  an  area  where  sounds 
are  coming  to  your  ears  from  all  directions. 

A.  Close  your  right  ear  with  your  finger. 


What  you  hear  with  the  other  ear  is  like  listening  to  the  sound  that 
comes  from  a  one-speaker  radio  or  record  player.  This  is  called 
monophonic  sound. 


11-1.  With  one  ear  closed,  can  you  tell  the  direction  of  the 
sound? 


B.  Now  cup  both  hands  behind  your  ears,  palms  facing  forward. 


The  type  of  sound  you  hear  is  like  stereo  sound.  Stereophonic 
sound  has  depth  to  it.  Different  sounds  seem  to  come  from  dif¬ 
ferent  directions. 


C.  Take  your  cupped  hands  away  from  your  ears. 


The  sound  you  hear  is  like  quadraphonic  (quad-ra-FON-ik) 
sound.  Quadraphonic  sound  is  like  natural  sound.  It  gives  you 
a  sense  of  sound  coming  from  all  directions. 


^  11-3.  Can  you  tell  the  direction  of  a  particular  sound  com¬ 
ing  from  either  in  front  or  in  back  of  you? 


Stereo  sets  produce  sound  as  if  the  sound  were  coming  from  a 
concert  stage -electric  piano  in  the  center,  drums  on  the  left, 
and  guitars  on  the  right.  All  seem  to  be  in  front  of  you. 


The  two  speakers  of  the  stereo  should  be  placed  several  feet 
apart  to  help  you  hear  the  sound  from  different  directions.  Some 
of  the  sounds  are  played  through  the  left  speaker  and  some 
through  the  right  speaker.  You  can  hear  different  instruments  or 
singers  from  different  speakers.  This  separation  of  sound  pro¬ 
duces  the  stereo  effect  you  hear. 


11-4.  Where  would  be  the  best  place  to  sit  if  you  wanted  to 
get  the  best  stereo  effect? 

1 1-5.  Can  you  get  a  stereo  sound  from  one  speaker? 
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The  quadraphonic  sound  systems  produce  what  is  sometimes 
called  a  quad  or  a  four-channel  sound.  Four  speakers  are  used. 

Figure  11-1  shows  how  quadraphonic  sound  speakers  are 
usually  placed  in  a  room. 


Figure  11-1 


^  11-6.  Why  is  quadraphonic  sound  like  being  in  a  circle  of 
sound? 
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^  11-7.  Now  you  know  about  the  different  types  of  sound  sys¬ 
tems.  If  you  were  buying  a  record  or  tape  player,  what  type 
system  would  you  be  satisfied  with? 


Package 

°ne  price! 


Ready  to  buy?  Not  quite.  Each  kind  of  sound  system  can  cost 
anywhere  from  less  than  $100  up  to  several  thousands  of  dol¬ 
lars.  How  do  you  know  which  one  is  best  for  you?  The  least 
expensive?  Maybe.  If  you  have  a  limited  amount  of  money  to 
spend.  The  most  expensive?  Maybe.  Although  the  most 
expensive  isn’t  always  the  best,  just  as  the  least  expensive  isn’t 
always  the  worst. 

Take  a  look  at  these  two  ads  for  sound  systems.  How  would  you 
go  about  deciding  which  kind  is  best  for  you? 

11-8.  Make  a  list  of  the  things  you  think  are  important  to 
consider  when  buying  a  sound-reproduction  system. 

Now  compare  your  ideas  with  the  suggestions  that  follow.  You 
may  have  thought  of  some  things  that  were  overlooked  in  this 
minicourse. 
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BUYING 

1  Before  buying  anything, 
answer  these  questions  for 
yourself: 

1.  How  will  I  use  the  sound 
system?  Will  I  listen  alone? 

Can  I  play  it  loud?  Will  people 
usually  be  talking  while  the 
system  is  playing? 

2.  How  much  money  can  I  afford 
to  spend?  Can  I  afford  to  get 
what  I  really  want  or  will  I  have 
to  make  choices  among  the 


3.  What,  if  any,  special  features 
do  I  think  are  important? 
(Examples  of  special  features: 
automatic  shut-off,  jack  for 
earphones.) 


SUGGESTIONS 


Try  to  get  a  copy  of  the  most 
recent  Consumer  Reports 

Buying  Guide.  This 
guide,  published  by 
the  Consumer’s  Union, 
is  loaded  with  advice, 
reports  on  various 
products,  and  ratings 
of  different  brands  or 
manufacturers. 

The  Buying  Guide 
and  the  monthly  Consumer  Reports 
magazine  are  available  by  subscrip¬ 
tion  or  at  most  book  and  magazine 
stores.  Back  issues  might  also  be 
available  in  your  school  and  public 
libraries. 

Consumer’s  Union  also  publishes 
special  issues  which  describe  and 
rate  only  sound  systems. 

★  11-9.  Why  is  it  a  good  idea 
to  have  information  and  expert 
opinions  on  any  sound  system 
you’re  thinking  about  buying? 


3 


Know  what  each  part  of  the 
sound  system  does. 


I ^  11-10.  Why  would  it  be  a 
waste  of  money  to  buy  very  good 
quality  speakers  to  use  with  an 
amplifier  which  cannot  amplify 
all  sounds? 
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FOR  SOUND  SYSTEMS 


4 


Check  equipment  for 
these  sound-reproduction 
problems. 


1.  Poor  frequency  response.  The 
system  cannot  reproduce  all  of 
the  notes  from  the  lowest  to  the 
highest  evenly. 


2.  Distortion.  The  sound 
reproduced  by  the  system  is 
harsh  and  gets  worse  as  you  turn 
the  volume  up. 

3.  R  umble.  A  vibration  within  the 
system  itself  is  being  amplified. 

4.  Flutter.  The  pitch  wavers,  or 
flutters,  because  the  turntable  or 
tape  drive  is  not  moving  at  a 
steady  speed. 

5.  Hiss  or  hum.  Something  in 
the  system  is  producing  an 
unwanted  noise. 


Have 
sales¬ 
person  show 
you  how  to 
use  the 
equipment. 

Then  look  it  over 
and  try  it  out  yourself. 

Compare  two  systems  by  playing 
them  in  as  similar  conditions  as 
possible.  The  best  possible  place 
to  try  them  out  would  be  in  the 
room  where  you  plan  to  put  it. 

Is  the  equipment  easy  to 
operate?  Are  the  controls  handy? 
Are  there  any  noticeable  sound 
problems?  Does  it  have  the  fea¬ 
tures  you  want? 


6  Compare  different  models. 

The  model  which  can  give  you 
the  most  of  what  you  want  for  the 
least  amount  of  money  is  the  best 
buy. 


7 After  buying  a  sound  system, 

keep  the  guarantee  and  all 
purchase  receipts  and  instructions 
together  in  a  safe  place. 

11-11.  What  are 
some  reasons  for 
Suggestion  7? 

11-12.  Which  of 
these  suggestions 
should  you  add  to 
your  original  list? 
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Objective  14:  Describe  the  mathe¬ 
matical  relationship  between  the 
velocity,  the  frequency,  and  the 
wavelength  of  a  sound  wave. 

Sample  Question:  What  Is  the  formula 
for  finding  the  velocity  of  sound  In 
metres  per  second?  (v=velocity,  \= 
wavelength,  f=frequency) 
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Objective  15:  Use  a  wave  model  to 
explain  the  difference  in  pitch, 
loudness,  and  quality  of  different 
sounds. 


Sound  A 


Sound  B 


Sample  Question:  These  pictures 
were  made  with  the  oscilloscope  on 
the  same  settings.  Which  of  the  fol¬ 
lowing  statements  is  true  about  these 
two  sounds? 

a.  Sound  A  is  higher  pitched  than 
Sound  B. 

b.  Both  sounds  have  the  same  fre¬ 
quency. 

c.  Both  sounds  were  made  by  the 
same  instrument. 

d.  Sound  A  is  louder  than  Sound  B. 
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Objective  16:  Describe  how  the 
loudness  and  energy  of  a  sound 
wave  are  related  to  the  distance 
from  the  source  of  the  sound? 

Sample  question:  If  a  bell  rings  in  a 
steeple  in  the  middle  of  town,  it  will 
not  sound  as  loud  to  people  at  the 
edge  of  town  as  it  does  to  people  in 
the  center  of  town.  Why? 

a.  The  sound  wave  gets  shorter  as  it 
moves  away  from  the  source. 

b.  The  energy  of  the  original  sound 
wave  has  been  spread  out  over 
more  air  space. 

c.  The  frequency  of  the  sound  wave 
has  been  reduced. 

d.  The  energy  of  the  original  sound 
wave  has  been  increased  by  the 
air. 
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Objective  17:  Describe  how  the 
notes  of  octaves,  scales,  and 
major  chords  are  mathematically 
and  musically  related. 

Sample  Question:  How  far  apart  are 
two  notes  if  one  has  twice  the  fre¬ 
quency  as  the  other  note? 
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Answers 

14.  v=X  f  15.  d  16.  b  17.  an  octave 
apart 
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Moving  Sound 


In  the  lawless  days  of  the  Old  West,  train  robbers  were  said  to 
have  put  their  ears  on  the  steel  tracks  to  listen  for  approaching 
trains.  Folklore  also  says  that  the  American  Indian  buffalo  hunt¬ 
ers  would  put  their  ear  to  the  ground  to  listen  for  buffalo 
hoofbeats. 

^  1 3-1 .  What  do  these  stories  suggest  about  how  sound  trav¬ 
els  in  steel  and  in  soil  as  compared  to  air? 

Sound  travels  through  different  substances  at  different  speeds, 
or  velocities.  Sound  travels  slowest  through  air.  Air  is  a  poor 
conductor  of  sound.  Water  is  better  than  air.  But  solids  such  as 
steel  and  glass  are  the  best.  Not  only  does  sound  travel  faster 
through  a  steel  rail,  for  instance,  but  it  travels  farther  before 
dying  out. 
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Figure  13-1  shows  the  velocities  of  sound  through  some  com¬ 
mon  substances. 


VELOCITY  OF  SOUND  IN  VARIOUS  SUBSTANCES 


Substance 

Velocity 

in  metres  per  second 
(m/sec) 

Air 

330 

Water 

1500 

Copper 

3550 

Wood 

4000 

Steel 

5000 

Iron 

5000 

Aluminum 

5140 

Glass 

5500 

Granite  rock 

6000 

Figure  13-1 


Organ  pipe 

Figure  13-2  shows  an  organ  pipe  producing  a  sound  of  1 5  cycles 
per  second.  In  one  second,  the  pipe  produces  15  compres¬ 
sions.  The  sound  is  traveling  at  a  velocity  of  300  metres  per 
second  according  to  Figure  13-2.  This  means  that  the  15  com¬ 
pressions  are  spread  over  300  metres.  The  distance  between 
two  successive  compressions  is  the  length  of  one  sound  wave. 
The  length  of  a  wave  is  called  the  wavelength  of  the  sound. 

What  is  the  wavelength  of  the  sound  produced  by  the  organ 
pipe?  Rememberthatthere  are  15  compressions  in  one  second. 
This  means  that  one  wavelength  is  1/15  of  the  300  metres  the 
wave  travels  in  one  second.  Thus, 


Wavelength  =  1/15  x  300  metres  =  20  metres 
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The  wavelength  of  any  sound  is  the  length  of  one  wave,  no  matter 
what  the  frequency  is.  Suppose  you  have  a  sound  with  a  fre¬ 
quency  of  100  cycles  per  second  and  velocity  of  300  metres  per 
second.  This  means  that  100  cycles,  or  compressions,  are 
spread  out  over  300  metres.  What  is  the  wavelength  of  the 
sound?  One  wave  is  1  /1 00  of  the  300  metres  the  wave  travels  in 
a  second. 


Wavelength  =  1/100  x  300  metres  =  3  metres 

Symbols  are  used  to  make  things  simpler.  The  Greek  letter  X 
(lambda)  is  used  for  wavelength,  and  f  is  used  for  frequency. 

Wavelength  (X)  is  measured  by  metres  per  wave. 

metres 

wave 

Frequency  (f)  is  measured  in  waves  per  second. 

wave 

second 

Metres  per  wave  (X)  multiplied  by  waves  per  second  (f)  equals 
metres  per  second. 

metres  waves  _  metres 
wave  second  second 

When  you  multiply  X  and  f  together  you  get  metres  per  second. 
Metres  per  second  is  a  measure  of  velocity  (v),  like  miles  per 
hour.  So  velocity  of  sound  can  be  calculated  by  multiplying 
wavelength  times  frequency. 

velocity  =  wavelength  x  frequency 
v  =  X  x  f 
v  =  Xf 

This  relationship  is  true  for  any  wave  motion.  If  you  know  any 
two  pieces  of  information,  you  can  find  the  third.  For  instance,  if 
you  know  the  velocity  and  frequency  of  a  sound,  you  can  find  its 
wavelength. 
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Example:  Find  the  wavelength  of  a  sound  wave  from  a  440- 
cycle-per-second  tuning  fork.  (The  sound  is  Middle 
A.)  The  velocity  is  330  metres  per  second,  the  veloc¬ 
ity  of  sound  in  air. 


v  =  f  X 


330  =  440  x  A 

330  _ 

440  X 

X  =  0.75  metre 

13-2.  The  velocity  of  sound  in  water  is  about  1500  metres 
per  second.  What  is  the  wavelength  of  a  440-cycle-per-second 
sound  wave  traveling  through  water? 

★  13-3.  A  cylinder  will  begin  to  vibrate  when  the  length  of 
its  air  column  is  one-fourth  the  wavelength  of  the  sound 
entering  it.  In  an  experiment  a  cylinder,  19  cm  high,  vibrates 
to  a  tuning  fork  of  a  frequency  of  440  cycles  per  second. 
Use  this  data  to  calculate  the  following: 

a.  Wavelength  of  the  440-cycle  sound 

b.  Velocity  of  the  440-cycle  sound 
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Seeing  Sounds 

Our  eyes  can’t  see  sound  waves.  Our  ears  hear  sounds.  But 
sometimes  it  would  be  helpful  to  be  able  to  see,  as  well  as  hear. 
It  isn’t  possible  to  make  the  actual  sound  waves  visible.  But  an 
electronic  instrument  called  an  oscilloscope  can  produce  pic¬ 
tures  which  show  us  what  sound  waves  are  like,  even  if  it  can’t 
show  the  sound  wave  itself. 


3.  The  oscilloscope  changes  this  tiny 
current  into  a  moving  picture  on  a  screen. 


4.  You  can  then 
compare  how  different 
sound  waves  look. 


1.  Vibrations  of  air 
molecules  in  a  sound 
wave  are  tiny  but  the 
microphone  still  picks 
them  up. 


^  j, 

Tv* 

2.  They  are  changed 
into  electrical  current. 


microphone 


If  an  oscilloscope  is  set  up  in  your  classroom,  use  it  to  see  for 
yourself  much  of  what  is  covered  in  this  activity.  If  you  do  not 
have  an  oscilloscope,  pictures  are  provided  in  this  book  for  you 
to  use  with  this  activity. 


ONE  TYPE  OF 
OSCILLOSCOPE 


screen 
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Figure  14-1  shows  how  sound  waves  finally  wind  up  as  a  picture 
on  the  screen  of  an  oscilloscope. 


Tuning  fork  sounc 
repeating  compn 


Figure  14-1 

After  the  sound  waves  enter  the  microphone,  they’re  pictured  on 
the  screen.  The  peaks  at  the  top  of  the  screen  are  compression 
bands.  The  valleys  at  the  bottom  correspond  to  the  spread-out 
areas,  or  rarefactions,  between  the  compressions. 

How  does  the  sound  wave  pattern  of  a  high-pitched  note  differ 
from  that  of  a  low-pitched  note? 

How  is  the  sound  wave  for  a  soft  sound  different  from  the  sound 
wave  of  a  louder  sound?  What’s  different  about  the  sound 
waves  of  two  notes  from  different  sources? 

You  can  use  oscilloscope  pictures  of  sounds  to  investigate 
these  questions.  Use  either  your  own  drawings  of  oscilloscope 
patterns  or  the  ones  provided  in  this  activity. 

Figure  14-2  shows  the  oscilloscope  pattern  for  a  Middle-A  and 
then  a  Middle-C  tuning  fork.  Each  picture  shows  the  sound 
wave  pattern  for  the  same  period  of  time. 

Look  carefully  at  Figure  14-2  and  at  your  own  sketches,  if  you 
made  them.  Remember  that  Middle  A  is  a  higher  note  than 
Middle  C. 

★  14-1.  Does  the  sound  wave  for  A  have  more  or  fewer 
compressions  (high  peaks)  than  the  sound  wave  for  C? 

14-2.  Does  the  Middle-A  tuning  fork  vibrate  faster  or  slower 
than  the  Middle-C  fork? 


1.  Middle-A  tuning  fork 


2.  Middle-C  tuning  fork 
Figure  14-2 
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The  word  used  to  describe  whether  a  musical  note  is  higher  or 
lower  is  pitch.  Pitch  depends  on  frequency.  The  higher  the  fre¬ 
quency,  or  number  of  vibrations  per  second,  the  higherthe  pitch. 

1 4-3.  If  you  hit  a  piano  key  near  the  left  end  of  the  keyboard, 
you  hear  a  low-pitched  note.  If  you  hit  a  key  near  the  right  end, 
you  hear  a  high-pitched  note.  What’s  the  difference  in  the 
sound  waves? 

If  you  blow  a  trumpet  hard,  you  hear  a  loud  musical  note.  If  you 
blow  the  same  note  softly,  you  hear  a  soft  note.  What’s  the  differ¬ 
ence  between  these  sound  waves? 


Look  at  the  oscilloscope  pictures  in  Figure  14-3. 

1 4— '4-.  Are  the  wave  patterns  of  the  soft  and  loud  notes  the 
same?  How  can  you  tell? 


Notice  that  the  peaks  of  the  loud  note  are  higher  than  the  peaks 
of  the  soft  note. 

The  height  of  a  wave  is  called  its  amplitude.  When  the  peaks 
are  higher  in  one  wave  pattern  than  another,  we  say  the  ampli¬ 
tude  of  the  first  wave  is  greater. 
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Here  are  two  more  oscilloscope  wave  patterns. 


Figure  14-4  Figure  14-5 

14-5  Are  the  waves  in  Figures  14-4  and  14-5  of  equal 
amplitude?  If  not,  which  has  the  higher  amplitude? 

1 4-6.  Are  the  sounds  in  these  pictures  of  equal  loudness?  If 
not,  which  is  louder? 

★  14-7.  How  is  loudness  related  to  amplitude? 

The  vibrations  of  the  air  column  in  the  trumpet  which  produced 
the  oscilloscope  pictures  in  Figure  14-3  did  not  produce  “pure” 
sound  waves.  Other  frequencies  in  addition  to  the  main  one,  the 
tallest  peak,  were  produced  at  the  same  time.  These  other  fre¬ 
quencies  are  called  overtones,  tones  in  addition  to  the  main  or 
fundamental  tone. 

The  overtones  occur  in  the  same  place  in  every  cycle  of  the 
repeating  pattern. 
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piano  trumpet 


Figure  14-6.  Oscilloscope 
pictures  of  the  same  note 
played  on  each  instrument. 


Figure  14-6 


saxophone 


★  14-8.  What  is  different  about  the  same  notes  played  on 
different  instruments? 


Figure  14-7 


\ 


Overtones  give  richness  and  “personality”  to  the  notes. 

14-9.  In  which  of  the  instruments  is  the  fundamental  note 
the  most  clearly  heard?  (Hint:  Has  the  weakest  overtones.) 

1^  14-10.  On  which  of  the  instruments  is  the  fundamental  note 
least  clearly  heard,  that  is,  “colored”  by  many  strong  overtones? 

Look  at  Figure  14-7.  Jim  is  calling  out  two  friends,  Kathy  and  Flo. 
One  is  standing  close  to  him,  the  other  far  away. 


The  further  away  you  get  from  something  that’s  making  noise,  the 
less  you  hear.  Why  is  that?  Review  two  basic  ideas  about 
sound: 

1.  Sounds  are  produced  by  vibrations. 

2.  Sound  travels  out  in  all  directions  as  a  disturbance  in  the  air, 
or  whatever  substance  it’s  travelling  through. 

Suppose  Jim  yelled  “Hi”  to  the  two  girls.  It  took  a  certain 
amount  of  energy  to  make  the  sound  of  “Hi.” 


The  energy  needed  to  yell  “Hi!”  made  molecules  in  the  air  move 
faster.  That  disturbance  kept  moving  through  more  and  more 
air.  The  amount  of  energy  left  over  to  move  air  far  away  from  the 
source  is  very  small.  Therefore,  the  “Hi”  sounds  are  very  faint. 
Close  to  the  source,  the  “Hi”  sounds  much  louder.  This  is 
because  the  full  force  of  the  compression  disturbance  is  felt. 

As  it  moves  from  the  source,  the  sound  eventually  dies  away 
completely.  This  is  caused  by  two  factors.  Some  of  the  distur¬ 
bance  energy  is  converted  to  heat  every  time  air  molecules  are 
moved.  But  more  important,  as  the  disturbance  wave  spreads, 
the  wave  energy  at  any  point  on  the  wave  is  less  and  less. 

★  14-12.  Explain  why  the  loudness  of  a  sound  decreases 
as  it  moves  farther  from  the  source. 
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Octaves,  Scales 
and  Harmony 

Music  is  a  special  collection  of  sounds  that  can  move  you  to 
great  feeling.  This  activity  is  about  the  structure  of  music  — how 
notes  are  arranged  to  produce  different  feelings.  To  help  you 
hear  what  the  words  and  pictures  in  this  activity  are  about,  you 
will  need  these  items: 


tape  cassette  for  Sounds  of  Music,  Activity  15 
tape  cassette  player 


You  can  listen  to  the  entire  tape  before  answering  any  of  the 
questions.  Or  you  can  go  back  and  forth,  reading  and  listening 
to  each  part.  Either  way,  start  by  listening  to  the  tape  now.  You 
will  also  need  to  look  at  Figure  1 5-1 ,  which  shows  part  of  a  piano 
keyboard  with  the  keys  labeled  by  name  and  by  frequency. 


4A5  4j£- 


Figure  15-1 
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OCTAVES 


There  is  a  relationship  between  notes  one  octave  apart.  This 
relationship  has  to  do  with  the  frequency  of  the  notes. 

★  15-1.  Look  at  the  frequencies  of  the  two  notes  C  and  C\ 
one  octave  apart.  What  relationship  does  the  higher  fre¬ 
quency  have  to  the  lower  frequency? 


One  octave 
higher 


One  octave 
lower 


★  15-2.  Use  Figure  15-1  to  predict  the  frequency  of  the  E 

that  falls 

a.  one  octave  lower  than  the  E  listed. 

b.  two  octaves  higher  than  the  E  listed. 

Half  steps  are  shown  in  Figure  1 5-2.  A  half  step  is  the  distance 
from  C  to  C#  (read  as  “C  sharp”),  C#  to  D,  and  so  on. 


15-3.  What  note  is  a  half-step  higher  than  G#? 
15-4.  What  note  is  a  half-step  lower  than  C? 


In  Figure  15-2,  C  to  D,  and  Eb  to  F,  are  among  the  pairs  that  are 
a  whole  step  apart. 

15-5.  What  note  is  a  whole  step  higher  than  A? 

15-6.  What  note  is  a  whole  step  lower  than  C? 

15-7.  Using  Figure  15-2  you  can  find  examples  of  whole 
steps  and  half  steps  within  the  C  octave.  List  five  pairs  of  notes 
a  half-step  apart  and  five  pairs  of  notes  a  whole-step  apart. 

^  15-8.  What  are  the  names  of  13  different  notes  included  in 
the  C  octave?  (Be  sure  to  count  both  C’s.) 


G 


m 

-earn 


Figure  15-2 
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SEALES 

Figure  15-3  shows  the  notes  from  two  octaves  of  a  piano  key¬ 
board,  starting  with  Middle  C  on  the  left.  The  names  of  the  black 
keys  (C#,  D#  . . .)  are  written  in  between  the  names  of  the  white 
keys  (C,  D  . . .).  Each  note  in  Figure  15-3  is  one-half  step  higher 
or  lower  than  the  ones  next  to  it. 

Four  different  scales  are  shown  in  Figure  15-3.  There  are 
eight  others  not  shown. 

Notice  that  the  notes  of  the  scales  have  do-re-mi-fa-sol-la-ti-do 
written  under  them. 


FOUR  MAJOR  SCALES 


r 

C 

Db 

C# 

D 

Eb 

D# 

E 

F 

Gb 

F# 

G 

Ab 

G# 

A 

Bb 

A# 

B 

C 

Db 

C# 

D 

Eb 

D# 

E 

F 

Gb 

F# 

G 

Ab 

G# 

A 

Bb 

A# 

rB\ 

C  major  scale 

do 

re 

mi 

fa 

sol 

la 

ti 

do 

F  major  scale 

do 

re 

mi 

fa 

sol 

la 

ti 

do 

\llcll  r\t?y ) 

A  major  scale 
(sharp  key) 

do 

re 

mi 

fa 

sol 

la 

ti 

do 

D  major  scale 
^Jflat  key) 

do 

re 

mi 

fa 

sol 

la 

ti 

do 

) 

All  major  scales  have  8  notes. 
All  major  scales  have  the 
half  steps  >  — 
in  the  Half 

same  steP  0 

T& 


place. 


Half  step 


Figure  15-3 

The  notes  on  the  three  scales  don’t  match  up,  but  each  scale  is 
one  octave  long.  The  two  “do”  notes  are  an  octave  apart.  Can 
you  see  the  pattern  that  each  scale  follows?  (Hint:  Look  at  the 
order  of  whole  and  half  steps  in  each  scale.) 

^  15-9.  To  see  the  pattern  more  easily,  find  all  the  half  steps 
appearing  in  each  scale  in  Figure  15-3. 

15-10.  Name  the  notes  in  the  G  major  scale. 

15-11.  Name  the  notes  in  the  E  major  scale. 
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15-12.  The  major  chord  for  the  C  scale  is  made  up  of  which 
notes? 

15-13.  What  are  the  frequencies  of  the  notes  C,  E,  and  G? 

There  is  a  mathematical  relationship  between  the  frequencies  of 
these  three  notes.  This  relationship  is  not  found  between  other 
combinations  of  three  notes.  Notice  what  happens  when  you 
compare  the  frequencies  of  these  three  notes. 


C  =  262. 

=  4. 

divide  each 

E  =  330 

►  by  66  to  reduce  to  =5 

smallest  terms 

G  =  392J 

-  6 

A  VERY  SPECIAL 
RELATIONSHIP 


The  4-5-6  relationship  of  frequencies  is  the  same  for  the  major 
chord  for  each  scaie. 

15-14.  Use  the  frequency  information  in  Figure  1 5-1  to  find 
out  the  frequency  relationship  of  the'notes  of  the  major  chord  for 
the  D  scale.  (Major  chord=1st,  3rd,  and  5th  note  of  the  scale.) 
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Activity  17  Page  69 
DECIBELS 


Noise,  noise  everywhere,  and  not 
a  place  to  think!  But  would  it  be 
better  if  it  were  absolutely  quiet? 
Just  how  noisy  is  everyday  life 
anyway?  You’ll  find  out  how  much 
noise  is  made  by  many  common 
objects  in  this  activity. 


^Activity  18  Page  76 


// 


AND  THE  BEAT  GOES  ON 


Most  of  what  we  call  music  has  a 
definite  beat,  or  rhythm.  This 
activity  may  not  teach  you  to 
dance,  but  you  should  be  able  to 
find  the  beat  to  a  piece  of  music 
when  you’re  finished! 


t 
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EXCURSION— 

V 


/ 


/ 


Decibels 


Do  you  know  people  who  want  to  “return  to  nature"?  They’re 
probably  looking  for  a  little  “peace  and  quiet."  The  modern 
world  — which  gives  us  so  much  comfort— is  also  the  noisiest! 


Why  would  anyone  care  about  noise?  For  one  thing,  it  gets  on 
your  nerves.  Noise  is  irritating! 

In  fact,  studies  show  that  noise  affects  people  in  at  least  three 
ways: 

1 .  Listening  to  loud  noise  for  a  long  time  can  destroy  part  of  the 
inner  ear.  This  causes  loss  of  hearing. 

2.  Loud  bursts  of  noise  lessen  people’s  ability  to  do  certain  jobs. 

3.  Noise  is  harmful  to  your  health  — both  physical  and  psycho¬ 
logical. 

People  respond  to  sound  very  differently.  One  person’s  music 
is  another  person’s  noise!  So  how  can  you  settle  an  argument 
about  how  loud  a  sound  is? 
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There  is  an  instrument  that  measures  the  loudness  of  sounds.  It 
is  called  a  sound  meter.  There  are  various  kinds.  But  all  sound 
meters  work  about  the  same  way,  as  shown  in  Figure  17-1. 


A  sound  meter  measures  the  loudness  of  a  sound  in  decibels 
(dB).  The  higher  the  number  of  decibels,  the  louder  the  sound 
is.  The  decibel  scale,  however,  is  not  like  the  metric  scale  you 
use  for  measuring  length.  If  you  add  two  objects,  each  2  cm 
long,  you  get  4  cm.  But  if  you  put  two  sounds  together,  each  60 
dB,  the  total  is  not  120  dB,  but  63  dB! 

Does  this  seem  strange  to  you?  Look  at  it  this  way.  If  you 
add  60  dB  to  60  dB  you’re  really  multiplying  the  sound  intensity 
by  “2.”  In  multiplying  sound  intensities,  you  add  a  certain  num¬ 
ber  of  decibels,  as  follows: 

When  you  multiply  by  2,  add  3  decibels. 

When  you  multiply  by  4,  add  6  decibels. 

When  you  multiply  by  8,  add  9  decibels. 

Do  you  see  the  pattern? 

Because  sound  meters  are  expensive,  your  school  may  not  have 
one.  But  if  there  is  one  around,  check  some  of  the  noise  levels 
given  in  Figure  17-2. 

Figure  17-2  shows  the  noise  levels  in  decibels  for  many 
everyday  events.  Figure  17-3  shows  how  different  noise  levels 
affect  people. 
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SOUND  LEVEL  OF  NOISES  FOUND  IN  DIFFERENT  ENVIRONMENTS 


dB  LEVEL 

NOISE 

0 

10 

Normal  breathing 

15 

Leaf  rustling 

20 

30 

Soft  whisper  1.5  m  away 

40 

50 

Private  office,  light  traffic  30  m  away 

60 

Large,  busy  store,  conversation  at  normal  level 

70 

Car  passing  at  100  km/h,  8  m  away 

Inside  sports  car  moving  80  km/h 

80 

Diesel  truck  moving  65  km/h,  15  m  away 

90 

Motorcycles,  7  m  away 

Inside  subway  car  going  55  km/h 

100 

Farm  tractor,  jet  flying  over  at  300  m 

110 

Hard  rock  band 

110-120 

Jet  takeoff,  60  m 

130 

Emergency  siren,  30  m  away 

140 

Drag  strip,  near  starting  line 

150 

Rifle  blast 

s 


30  Soft  whisper 

Figure  17-2 


EL 


50  Private  office 


80  Diesel  truck 
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PEOPLE  AND  NOISE 


dB  LEVEL 

EFFECT  ON  PEOPLE 

DESCRIPTION  OF 
NOISE  LEVEL 

0 

Just  barely  noticeable  as  sound 

10 

Just  audible  to  a  person  with  good 
hearing 

20 

Softest  sound  the  average  person 
can  hear 

30 

Very  quiet 

40 

50 

Mild  annoyance  begins 

Quiet 

60 

Normal  speaking  conversation  level 

70 

Comfortable  conversation  im¬ 
possible 

80 

Noticeable  annoyance  develops 

90 

Hearing  can  be  damaged  if  noise 
is  continuous.  Work  efficiency 
decreases. 

100 

Very  loud 

110 

Noticeable  ear  discomfort 

120 

Probable  permanent  hearing  loss 

Uncomfortably  loud 

130 

Strong  “tingling”  sensation  in  ear 

140 

Sharp  pain  in  ear 

Figure  17-3 

The  American  Academy  of  Ophthalmology  and  Otolaryngology 
is  concerned  with  healthy  seeing  and  hearing.  This  group  sug¬ 
gests  that  certain  workers  wear  ear  protectors.  These  include 
people  who  must  listen  to  85  dB  or  more  of  steady  sound  more 
than  5  hours  a  day. 

★  17-1.  What  kind  of  workers  associated  with  activities  in 
Figure  17-2  should  wear  ear  protectors? 
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Several  hours  of  hearing  sounds  in  the  uncomfortably  loud  range 
can  cause  temporary  loss  of  hearing. 


★  17-2.  What  sounds  listed  in  Figure  17-2  could  lead  to  a 
temporary  loss  of  hearing? 

Years  of  exposure  to  very  loud  sounds  for  several  hours  a  day 
can  lead  to  permanent  hearing  loss. 

17-3  What  jobs  or  hobbies  can  you  think  of  where  hearing 
could  be  damaged  by  excessive  loudness? 

17-4.  Have  you  ever  experienced  a  sound  that  was  annoy¬ 
ing?  Uncomfortable?  Painful? 

Sounds  of  160  decibels  can  cause  total  deafness.  Sometimes 
the  eardrum  tears  and  sometimes  the  organ  of  Corti  in  the  inner 
ear  is  damaged. 

I 1 7-5.  Would  any  single  one  of  the  sounds  mentioned  in  Fig¬ 
ure  17-2  or  17-3  cause  total  deafness? 

Believe  it  or  not,  sometimes  noise  is  deliberately  created! 
Some  office  buildings  have  been  built  so  well  to  cut  down  on 
noise  that  people  who  work  there  have  trouble  getting  used  to 
quietness.  Then  when  a  phone  rings,  everyone  jumps.  Back¬ 
ground  sound  is  often  used.  The  sound  is  piped  through  air- 
conditioning  ducts  to  create  a  comfortable  sound  level. 

Restaurants  often  use  soft  piped-in  music.  The  music  covers 
up  the  sounds  of  conversation  and  the  clatter  of  dishes. 

1 7-6.  Name  some  places  you’ve  been  to  where  background 
noise  was  added. 
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At  the  same  time  that  appliances  have  made  household  jobs 
easier,  they’ve  made  our  homes  more  noisy.  Figure  1 7-4  shows 
average  decibel  levels  of  some  household  appliances. 

17-7.  Which  room  of  most  homes  is  likely  to  have  the  most 
noise  producers? 

17-8.  Which  room  of  your  house  is  the  noisiest? 


SOUND  LEVEL  OF  HOME  APPLIANCES 


dB  level  HOME  APPLIANCE 

0 

10 

20 

30 

40  Refrigerator 

50 

60  Washing  machine,  air  conditioner,  clothes  dryer, 

sewing  machine 

70  TV-audio,  dishwasher,  portable  fan,  hair  dryer, 

water  faucet 

80  Shower,  vacuum  cleaner,  electric  can  opener, 

garbage  disposal,  electricmixer 

90  Electric  blender 

100  Furnace  blower 

120 

130 

140 

150 
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f^loise  that  is  made  inside  one  room  is  pretty  easy  to  keep  down 
to  reasonable  levels.  Much  of  the  sound  in  a  room  can  be 
“soaked  up”  or  muffled  by  rugs,  draperies,  and  acoustical  tile 
ceilings. 


Unfortunately,  sound  mufflers  don’t  keep  the  noise  from  leaving 
the  room.  If  you’ve  lived  in  an  apartment  building  or  large 
project,  you  know  what  happens.  Sounds  from  one  family’s  life 
drift  over  to  the  next-door  neighbors.  Or  to  the  neighbors  above 
and  below  the  apartment. 

17-9.  Which  would  annoy  you  most:  hearing  sounds  from 
your  neighbor’s  apartment  or  knowing  that  your  neighbor  can 
hear  sounds  from  your  apartment? 

1 7-1 0.  Which  noises  that  occur  fairly  often  in  your  life  would 
you  like  to  see  cut  down  or  stopped? 

17-11.  Are  there  any  sounds  that  you  would  like  to  have 
occur  more  often  in  your  life?  What  are  they? 
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And  The  Beat 
Goes  On... 


For  this  activity  you  will  need  these  items: 

cassette  tape  for  Sounds  of  Music,  Activity  18 
cassette  tape  player 

Figure  1 8-1  shows  you  how  to  mark  down  the  beat  as  you  hear  it 
on  the  tape.  Draw  a  heavier  line  for  each  note  that  is  accented. 


ONE,  two,  ONE,  two,  ONE,  two...  ONE,  two,  three,  ONE,  two,  three,  ONE,  two,  three... 


Figure  18-1  18-1 .  Listen  to  the  tape.  What  is  the  beat  of  Song  1  ?  Song 

2?  Song  3?  Song  4? 

Listen  to  some  pop  songs  on  records  or  on  radio.  Find  two 
songs  with  different  beats. 

18-2.  Which  songs  did  you  select?  What  are  their 
beats? 
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